Background: Aggressive behaviour, defined as sudden, explosive outbursts ofrage, has been reported as a clinical problem in approximately 23% to 40% of Tourette syndrome (TS) patients (1-5). Attention-deficit hyperactivity disorder (ADHD) and obsessive-eompulsive disorder (OCD) are also reported in 50% to 70% ofTSpatients (6).
waxing and waning pattern. The mean age of onset of TS is 7.4 years (4) . Although TS was previously considered a rare disorder, recent epidemiological studies, based on direct observation, have found the prevalence rate ofTS to be as high as 3% of a mainstream general high school population (7) .
The prevalence of attention-deficit hyperactivity disorder (ADHD) and obsessive-eompulsive disorder (OCD) is increased among TS patients (50% and 25% respectively) (8) (9) (10) . The prevalence of ADHD varies with age. Shapiro and others reported that 33% of children under 16 years old with TS had comorbid ADHD and that the percentage dropped to 15% in those over 16 years old. Moreover, the term "TS+," defined by Packer, describes children with TS who have features of comorbid disorders without meeting the full criteria for a clinical diagnosis (12) . Packer suggests with this term that there are behavioural factors to consider, in addition to the motor and vocal tics, even though an additional diagnosis may not be indicated.
Patients with TS who also have behavioural disorders often have impaired self-esteem and self-image, and their relationships suffer (13) . The nature of the association between TS and the accompanying behavioural disorders remains unresolved. Shapiro and Shapiro associated the behavioural problems with the presence of ADHD and not TS alone (14) . Comings and Comings found behaviour problems in children with TS to be pervasive through adolescence and into adulthood and considered it integral to TS (15) . Stefl, in an uncontrolled study of 431 subjects obtained from a state-wide TS organization membership, reported a prevalence of 65% to 75% for behaviour problems such as temper outbursts, hyperactivity, mood swings, and aggression (16) . Further, increased prevalences of OCD, learning difficulties, mood disturbances, and aggression in TS patients have been reported in many other studies (1, 4, (17) (18) (19) (20) . A recent study found that disruptive behavioural, mood, and anxiety disorders and cognitive impairment are associated with TS and comorbid ADHD (21) . Deficits of inhibition were significantly more pronounced in children with TS and comorbid ADHD or OCD than in children with TS alone or in matched control subjects (22) .
Moldofsky and others examined the association between TS and disruptive behaviour problems and reported aggression as one ofthe behavioural problems in 67% ofadolescents and adults, though the sample was small and was derived from a tertiary clinic population (23) . According to Comings and Comings, the behavioural problem in children with TS is best described as "anger" (24) . Budman and others referred to "attacks of rage" when describing the outbursts of physical or verbal violence common to approximately 25% of the children presenting at their clinic with TS and suggested that the presence of rage might be associated with ADHD or OCD comorbidity (25) . Unfortunately, some of the subjects were receiving medication at the time ofthe study, and authors did not examine the effect of age or IQ on behaviour. Moreover, no control group was included.
Previous studies by Shapiro and Shapiro (14) found that male TS patients aged 6-11 years with comorbid ADHD scored higher than did normal control subjects on all symptom subscales of the Child Behavior Checklist (CBCL) (26), including externalizing behaviour (aggressive behaviour, conduct disorder). Randolph and others also reported that TS children with ADHD had a higher rating of tic severity than did the group with TS only (27) . These studies suggested that the presence of ADHD together with a diagnosis of TS was associated with increased aggression and tic severity. Leekman and others recognized that during adolescence TS patients may experience a remission of tics or an increase in the ability to suppress tics for longer periods of time (28) .
Disruptive behaviour directly interferes with academic success, family and peer relationships, and psychosocial development. Often the first visit to a clinic occurs because these behaviour problems (not the tics) intrude on social and psychological development ofthe child with TS (4, 29, 30) . While the tics tend to wax and wane and often go into remission during adulthood, the accompanying behavioural problems may affect the child's development, academic potential, and adjustment to his or her adult role, with life-long consequences.
Definition of Aggression
Aggressive behaviour has been studied for some time, yet a universally accepted definition of this term has not yet been developed. Because of this lack of consensus, various defrnitions have been used in different studies, making comparisons across studies difficult.
The aggressive behaviour exhibited by children with TS has been described as "small protests that escalate into uncontrolled rages" (19) . The aggressive behaviour is frequently out of proportion to the provocation, often aimed at the child's mother, and often followed by remorse. These children can be irritable, have low frustration tolerance, and have difficulty taking "no" for an answer. TS children usually feel guilty about their behaviour within a few minutes (25, 31) , and they may be reasonable and compliant between outbursts of aggression. For this study, "aggressive behaviour" includes verbal and physical acts such as yelling, swearing, kicking, throwing, punching, hitting, and pushing.
Study Rationale
This study examined the degree of aggressive behaviour and tic severity in 3 groups ofsubjects: TS alone, TS with ADHD, and TS with ADHD and OCD. We compared these groups with general-population control subjects. We postulated that patients with the diagnosis ofTS alone would demonstrate a significantly higher rate of aggressive behaviour than control subjects without TS. Based on previous results by Budman and others (25) , we expected subjects with a comorbid diagnosis of OCD or ADHD in addition to TS to demonstrate an elevated rate of aggressive behaviour compared with control subjects and those with TS alone. We also examined the effect of tic severity, age, and intelligence on the prevalence of aggressive behaviour in TS patients.
Method

Subjects
An attempt was made to enroll all eligible, medication-free, consecutive outpatients referred for assessment of TS at the TS Clinic, Toronto Western Hospital. Patients' parents were approached by a research assistant not involved in their care, and informed consent for the participation of their children was obtained. Ethics approval was obtained from the Department ofPsychiatry Human Review Committee, University of Toronto Office of Research Services, and the Ontario Institute for Studies in EducationlUniversity of Toronto Ethics Committee.
Instruments and Measures
Diagnosis ofTS was made by an experienced clinician based on Diagnostic and Statistical Manual of Mental Disorders
(DSM-III-R) (8) criteria. The DSM-III-R criteria were used instead ofDSM-IY (32), based on critiques ofthe applicability of the latter published by Erenberg (33) and supported by KurIan (34) . Diagnoses ofADHD and OCD were made by an experienced clinical interviewer based on observational and historical data and outcome scores of a clinical semistructured interview using the Schedule for Affective Disorder and Schizophrenia for School Age Children, Epidemiologic Version (K-SADS-E) (35) . Test-retest reliability for the diagnosis of conduct disorder was high (r = 0.89). This is consistent with the understanding that conduct disorder is a true syndrome rather than a collection of disparate behaviours (36) .
Patients were administered the Wechsler Intelligence Scale for Children (WISC-III short form) (37) . This short form contained the information and vocabulary (verbal) as well as the picture completion and block design (performance) subtests. The reliability with the full version of the WISC-III is high, (r tt = 0.935) (38) .
The Yale-Brown Obsessive Compulsive Scale (Y-BOCS) (39) was used with the K-SADS-E (35) to assess the severity ofobsessions and compulsions according to the time spent on them. Statistically, the Y-BOCS is highly correlated to the National Institute of Mental Health Global Obsessive Compulsive Scale (NIMH-OC) (r = 0.67; P < 0.001, n = 20) and the Clinical Global Impression Scale (CGI) (r = 0.74; P < 0.001, N = 78) as an independent global measure ofOCD on comparisons of convergent and discriminant validity (39) .
Our main outcome measures of aggressive behaviour were Achenbach's CBCL (26) completed by parents and the related Teacher's Report Form (TRF) completed by teachers. The questionnaire format assesses a wide range of children's behavioural symptoms. The CBCL and TRF were designed to obtain parental and teacher reports for which there are normative data. Test-retest reliability of the TRF ranges from 0.70 to 0.90, and the CBCL averages 0.87, with interparent correlation average 0.67. We used the antisocial, aggressive, and delinquent behaviour subscales of the CBCL and TRF to determine the presence of aggressive behaviour.
We also looked for score clusters on the subscales of Conners' Parent Rating Scale (CPRS) and Conners' Teacher Rating Scale (CTRS), long versions, related to aggressive behaviour, antisocial behaviour, and conduct problems or disorder (40) . The reliability ofthe CTRS is fairly high for 1month test-retest (0.72 to 0.91) and remains at a moderate level over a l-year period (0.53); the l-year test-retest on the CPRS ranged from 0.40 to 0.70 (41) .
An estimate of tic severity was made using the Yale Global Tic Severity Scale (YGTSS) (42) , completed by parents. Socioeconomic status was ascertained in accordance with the index for occupations in Canada (43) by parental disclosure. Occupations were classified by rank according to the Canadian labour force and provincial labour force socioeconomic index for 1976.
Statistical Analysis
We assessed differences among groups (control subjects, TS only, and TS plus comorbidity) for the above-named subscales using l-way analysis of variance (ANOYA), with group as the effect. If the group effect was significant, Dunnett's post-hoc test comparing the TS only and the TS plus comorbidity groups to the control group was used.
An analysis of covariance (ANCOYA) was then used to test whether the patient's age was significant in predicting aggressive behaviour scales. Ifthe group effect was significant, a 95% confidence interval (CI) for the difference in average scores for pairs of groups was used to test for differences.
To examine further the association between group and the subscales, an additional ANCOYA was used to test for group differences and tic severity levels with age as the covariate.
Finally, a multivariate analysis of variance (MANOYA) was conducted using the CBCL and TRF scores for the aggressive, antisocial, and delinquent behaviour subscales, and CPRS and CTRS conduct disorder or problems as the dependent variables. Two factors were tested in this model; group effect and tic severity.
Results
Demographics and Characteristics
We enrolled all consecutive medication-free children presenting at the TS clinic who were willing to participate in the study and who met the inclusion criteria during a 4-month period (n = 33) and 6 healthy control subjects. The ratio of males to females among the TS subjects (4:1) approximately reflects the sex ratio reported in the literature (44) .
Our patient sample consisted of the following subgroups:TS + ADHD (42.4%), TS only (30.3%), and TS + OCD +ADHD (27.3%) . Approximately one-third of the TS only and TS + ADHD subjects were female (30% and 35.7% respectively), and there were no females in the TS + OCD + ADHD group.
Average group-estimated IQs (37) indicated that the children with TS only scored slightly higher than did control subjects (116.40, SD 20.51, and 109.33, SD 28.18, respectively), while TS + ADHD and TS + OCD + ADHD groups scored lower than the previous group (Table 1) . However, there were no statistically significant group differences in age, estimated IQ, or sex. The majority ofthe subjects in the TS-only and TS + ADHD groups reported mild tic severity (70% and 85% respectively), while the TS + OCD + ADHD subjects reported more even distribution across all 3 severity levels (22.2%, 44.4%, and 33.3% respectively) ( Table 1) . aBased on the Wechsler Intelligence Scale for Children-III Short Form. Reliability with full version of the WISC-III (rn = 0.935) (38) . bThe tics' severity rating was measured using the following anchor points: 0 = No tics; I = Mild: motor or vocal tics of intensity that is similar to normal movement and does not attract unwarranted attention; 2 = Moderate: motor or vocal tics that are clearly more pronounced than normal movements and which attract unwanted attention; 3 = Severe: motor or vocal tics that markedly and frequently interfere with function or cause physical discomfort.
Additional ANOVA testing for group effects and age as a categorical variable (subjects were stratified: 6-11 years of age and 12-14 years of age) duplicated results found when age was analyzed as a continuous variable.
Finally, MANOVA was conducted to test for a group effect using pairs of scales as dependent variables, since the scales are correlated. Neither group nor tic severity was found to be significant in the CBCL and TRF aggressive behaviour subscales or the CPRS conduct disorder and CTRS conduct problems subscales.
The CPRS conduct problems subscale also indicated a significant group effect after adjusting for age (P = 0.021). The contrasts indicate a difference between control and TS + comorbidity groups (95% CI -19.97 to -2.9) but not between the control and TS-only groups (95% CI -13.43 to 0.29), consistent with the above findings based on parent CBCL scores on the aggressive behaviour subscale. Delinquent behaviour subscale scores on both the parent CBCL and the teacher TRF scales did not reveal statistically significant group effects or significant effects due to tic severity levels using ANCOVA with age as the covariate. As a result, the delinquent behaviour subscale was not included in any further analysis.
ANCOVA was used to test for group effects using patients' ages as a covariate. Since the post-hoc comparisons in the previous analysis did not show significant differences between control and TS groups, the comparisons between TS and TS + comorbidity were examined. On the TRF subscale of aggressive behaviour, a significant group effect was found (P = 0.016), with the control and TS + comorbidity groups indicating a difference (95% CI -24.59 to-3.70). Similarly, the TSonly and TS + comorbidity groups differed significantly when scores were adjusted for age (95% CI -19.33 to -1.34). These results support our second hypothesis, which postulated that the group ofTS + comorbidity would have significantly higher rates of aggressive behaviour than TS-only or normal control subjects. There were no significant differences on the CBCL aggressive behaviour subscale results after adjustment for age. 
Tests ofAggressive Behaviour
For 85% ofthe subjects (33 of39), teachers returned the TRF (26) and CTRS (45) , and 100% (N = 39) ofthe parent versions of the same scales were completed and returned.
To improve estimates of differences between groups and to provide more statistical power based on the limited sample size, the TS + ADHD and TS + AHDH + OCD groups were combined to form the TS + comorbidity group.
Based on the target construct (aggressive behaviour) only certain subscales were chosen for the analysis, selected for face validity with aggressive behaviour: the CPRS antisocial subscale, the CPRS conduct disorder subscale, and the CTRS conduct problems subscale (r = 0.587, P < 0.01). The parent CBCL antisocial behaviour subscale did not correlate with any of the TRF aggressive behaviour scales. Also, the group effect on this subscale was not significant in any ofthe analyses.
The subscales selected for further analysis on the CBCL and TRF forms were aggressive behaviour (r = 0.617, P < 0.01) and delinquent behaviour (r = 0.644, P < 0.01).
ANOVA revealed a highly significant difference (P = 0.005) between the control and TS + comorbidity groups on the CPRS conduct problems subscale. The control and TS-only groups were not significantly different on this measure. No statistically significant group differences were detected using ANOVA on the CTRS conduct problems subscale.
Additional ANOVA indicated a borderline significant group effect in the CBCL aggressive behaviour subscale score (P = 0.049) with a borderline difference between control and TS + comorbidity groups (P = 0.046). The difference between the TS-only and control groups was not statistically significant,
Subscale Differences
Both parent CBCL and teacher TRF ratings on the subscale of aggressive behaviour (26) identified significant group differences. There are 20 items comprising the aggressive behaviour subscale on the CBCL and 25 items on the TRF. They share 19 identically worded questions (95% of the CBCL, 76% of the TRF) about the child's behaviour, suggesting that the construct measured by these 2 subscales is similar.
Both sets of raters agreed that the control and the TS-only groups were identical in their low level of aggressive behaviour and significantly lower than those with TS + comorbidity. When the scores were adjusted categorically by developmental age-group (6-11 years and 12-14 years) and tic severity, the fmdings remained the same. Whether the children were of prepubertal or pubertal age or whether their tics were mild or severe did not predict the risk of aggressive behaviour. Both teacher and parent data suggest that the single distinguishing factor separating the aggressive versus nonaggressive groups is the presence or absence of comorbidity.
On the CPRS 24-item conduct disorder subscale (45) , which includes "bullying," "blames others for mistakes," "will not obey school rules," "stealing from parents," and "does not act his/her own age," parents rated the control and TS-only groups as having significantly fewer problem behaviours than the TS + comorbidity group. Moreover, when scores were adjusted for categorical age (6-11 years and 12-14 years), parents indicated significantly more problem behaviours in the older TS + comorbidity group. This means that, although aggressive behaviour does not escalate with age, specific conduct problems do tend to increase.
The teachers on the CTRS conduct problems subscale did not distinguish the diagnostic groups of children. This subscale comprises 13 items, of which only 2 (15%) are worded similarly to those in the parent version of the scale. Indeed, upon further review we noted that the CPRS conduct disorder subscale describes children who are aggressive, quarrelsome, and disobedient, while the CTRS conduct problems subscale describes children who disrupt the classroom, disturb other children, and often suffer from depression. There is no mention of aggressivity or defiance.
Discussion
Results of this pilot study have extended the evidence that a child with TS and comorbid ADHD or OCD is at increased risk of developing aggressive behaviour compared with children with TS alone. Equally notable, children with TS alone did not differ statistically from control subjects on any of the measures of aggressive behaviour, in either the school or home environments. The estimated IQ ranges were found to be comparable and in fact slightly higher in children with TS only compared with control subjects. The majority of the TS sample (53.5%) reported mild tic severity, while less than one-quarter (20.5%) indicated moderate severity, and even fewer (10.3%) had tics in the severe range. Taken together, these results indicate that many ofthe children with TS alone function successfully.
Only the aggressive behaviour subscales on the CBCL and TRF significantly differentiated the groups of subjects in terms ofaggressive behaviour both at school and at home, unlike the conduct disorder or problems subscale of the CPRS and CTRS, which distinguished the groups only at home. We suggest that this is because items on the CPRS conduct disorder subscale and CTRS conduct problems subscale may not address the same issues; the former subscale appears to target more specifically aggressive and impulsive behaviour, while the latter tends to focus on classroom disruption and defiance.
Separation Anxiety
The results of the semistructured interview (K-SADS-E) indicated that approximately one-half of our TS subjects had a history of separation anxiety (17 of 33) . Do these children with TS + comorbidity develop anxiety as a consequence of the symptoms that threaten their relationships with their family and peers? Although some children with TS have developed separation anxiety while using neuroleptics (46) , suggesting a possible biological predisposition, it is important to note that the children in the current study were all medication-free.
When considering comorbidity, 50% of both the groups of children with TS only (5 oflO) and with TS +ADHD (7 ofl4) along with 55% of those in the TS + OCD + ADHD group (5 of 9) scored in the clinical range for separation anxiety. Our sample of TS subjects was too small to draw firm conclusions; however, this observation is consistent with the report by Coffey and Park of 100 consecutive new TS patients at a specialty clinic (47) . Oftheir sample, 64% met the criteria for a non-Of.Dvtype anxiety disorder, and 26% were diagnosed as having comorbid separation anxiety. The observed relationship between separation anxiety and TS merits further investigation. It is interesting that the prevalence of separation anxiety, unlike that ofaggressive behaviour, was similar in all diagnostic groups.
Limitations and Future Research Directions
The present study supports the hypothesis that aggressive behaviour is more likely among the patients with TS and comorbid ADHD with or without OCD, while finding that children with TS alone resemble the control subjects in their behaviour. Comparable results were reported by Ozonoff and others, who found that individuals with TS alone had less inhibitory dysfunction than those with TS and comorbidity (22) . Also, impairment on neuropsychological tests has been observed only in the TS subjects with comorbidity (6, 48, 49) . Future investigations are warranted with larger groups to examine patients with only OCD or ADHD, without history of a tic disorder, to more clearly delineate the contribution of each of these 2 disorders to aggressive behaviour.
Werecruited only children who were medication-free, in contrast with most previous reports on behaviour in TS children with comorbidity, which included participants on various medications (21, 25) . Conversely, the children with TS in this study were all recruited from a specialty TS clinic; therefore, they may not be representative of the TS population as a whole and the results cannot be generalized to TS individuals in the community.
Since none of the available instruments is particularly well suited to measuring aggressive behaviour, multiple instruments should be used. In the future, it should also be recognized that each family varies in its interpretation of aggression and in its family dynamics; hence the threshold at which aggressive behaviour becomes unacceptable varies widely among families. Using a battery of instruments, including observational methods and multiple informants to address these methodological issues will improve the validity of the construct being measured.
Study Implications
It is essential that those involved in the care and management of children with TS share the knowledge and understanding ofthe potential factors that may contribute to their aggressive behaviour. The presence of comorbid conditions must be taken into account and addressed in treatment plans. Further, the family and school environment must be examined for the presence of precipitating or aggravating factors that may increase the tendency to aggressivity. Children who present with TS complicated by the presence of comorbid behavioural disorders ideally should receive a multidisciplinary assessment from a team of well-informed professionals, working together to provide support and intervention in both the home and school settings.
Clinical Implications
• Children with Tourette syndrome (TS) without comorbidity do not differ statistically from control subjects on any measure of aggressive behaviour, supporting the clinical observation that most TS-only patients have minimal symptoms, which do not interfere with their daily functioning. • Clinicians should actively screen for comorbidity of attention-deficit hyperactivity disorder (ADHD) and obsessive-compulsive disorder (OCD) as well as separation anxiety when assessing a patient with TS to provide the most comprehensive care available. • Neither tic severity nor age contributed to the group effect of aggressive behaviour.
Limitations
• The small sample size limited the analysis of participants by specific comorbid disorder; therefore, it is not clear whether ADHD or OCD contributed to the aggression factor. • Instruments used to measure aggression were pen-and-paper reports. Incorporating observational methods and instruments that measure family levels ofaggressivity would enable a more thorough analysis of a child's aggressive behaviour and add validity to the construct being examined. • Subjects included in this study were recruited from a clinical population, which likely includes a higher proportion of patients with behavioural problems than one might expect in a community sample. Therefore, the conclusions may not apply to the TS population as a whole.
